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ABSTRACT
Meteorological data have been used to calculate refractive index fluctuations – the indicator 
of  optical  instability  of  the  Earth's  atmosphere.  The calculations  were  made for  standard 
pressure levels of the atmosphere in winter and summer. They are presented as distributions 
over  the  Earth's  surface.  The  findings  enabled  us  to  determine  preferred  areas  for 
astronomical observations as well as to compare astroclimate conditions of the world's largest 
observatories. 
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1. INTRODUCTION
This  paper  presents  results  of  astroclimate  investigations  based  on  a  great  body  of 
accumulated meteorological observations across the Earth. These data are not special and are 
therefore  rather  difficult  to  use  (e.g.,  for  estimating  "seeing").  The major  problem is  the 
parameterization  of  optical  turbulence  processes.  Preliminary  studies  of  series  of  direct 
measurements of "seeing" and series of refractive index fluctuations (σN) calculated from 
network radiosonde meteorological parameters demonstrated their high correlation over long 
periods with a correlation coefficient 0.6–0.95 [5]. An example is given in figure 1 presenting 
average  long-term  seasonal  changes  of  "seeing"  fluctuations  (the  angle  of  turbulence) 
photographed by the telescope AZT-7 (d = 20 cm) in Novosibirsk [2]. The thick line is the 
integral value calculated for the 20-km atmospheric layer. The thin lines indicate seasonal 
"seeing" dynamics in seconds of arc at various zenith distances. 
Figure 1: Seasonal changes of refractive index fluctuations
Such correlation in changes of large- and small-scale turbulence suggests definite successes in 
developing  techniques  of  their  mutual  estimation,  also  in  the  spectral  range  of  optical  
turbulence.  
2. THE RESULTS AND DISCUSSION
The refractive index fluctuations are defined by the equation [3]:
where A – empirical coefficient depending on the wavelength of light and for the green line is 
equal 80 (K/mb), P – mean monthly pressure (mb), T – mean monthly temperature (K), σT – 
the standard deviation of the temperature (K ).
The next figures show calculation results as distributions of σN at 700, 300 and 50 hPa from 
various meteorological archive data, including the NCEP/NCAR Reanalysis [1] ones. They 
have  been  compared  with  reference  radiosonde  measurements  [4].  An  example  of  the 
comparison  results  is  given  in  figure  2.  The  isolines  denote  the  percent  of  deviations 
calculated from NCEP/NCAR Reanalysis archive data and reference data at 850 hPa. The 
largest deviations for some stations were 21%. 
Figure 2: The relative deviation of σN, calculated from NCEP/NCAR Reanalysis data, from those 
obtained from reference data at 850 hPa
Figure 3 a) presents the calculation results as distributions of  σN at 700 hPa (~ 3 km) in 
December–February, and figure 3 b), June–August over the period 1950–2009. These figures 
allow a quantitative comparison of the optical turbulence in different regions of the Earth.  
Figure 3: The  distribution of σN at 700 hPa  а) December–February; b) June–August
The black points are large astronomical observatories and optical telescopes. The smallest 
values of  σN  are localized along the equator in the ± 30° zone. In June–August, this zone 
expands northward; in December–February, it contracts from the north. It is worth noting that 
it does not expand southward. Thus, the distribution depends on the season and latitude. The 
southern hemisphere in low latitudes has smaller values than the northern one there.
Figure 3 also shows that locations of observatories and large telescopes are characterized by 
small values of σN. It is rejoiceful that all astroclimate investigations were not in vain.
More detailed characteristics can be obtained from large-scale distribution patterns which can 
be constructed for a selected area. Figure 4 presents the pattern of distribution at 300 hGPa 
calculated from NCEP/NCAR Reanalysis archive data. Here it is possible to denote regions 
with large and small values.
Figure 4: The distribution of σN at 300 hPa: а) December–February; b) June–August
This level (a height of 9 km) is interesting for the analysis of seeing characteristics first of all 
because it characterizes the under tropopause layer with the increased air turbulization being 
observed. The figures illustrate that the distribution as opposed to low levels (700 hPa) is less 
dependent  on  the underlying  surface;  the  isolines  are  zonally directed  for  the  most  part.  
However,  the  most  notable  are  the  localized-in-space  regions  of  maxima,  in  winter  it  is 
northern  Canada  and  Greenland;  in  summer,  southern  Australia.  Minimum  values  are 
recorded at the latitude from 150 N to 150 E in June–August. 
To have an idea of the spatial distribution of optical turbulence in upper atmospheric layers, 
we constructed maps (Fig. 5) at 50 hPa (a height of 20 km; e.g., in the stratosphere). 
Figure 5: The distribution of σN at 50 hPa: а) December–February; b) June–August
A key feature of the distribution in this layer is the well pronounced latitude dependence.  
Maximum values are registered in the "winter" hemisphere; minimum ones, in the "summer" 
hemisphere. Such peculiarities are largely due to geophysical properties of the Earth; namely, 
the sphericity and the axial inclination to the plane of the ecliptic. 
To examine astroclimate conditions of the world's largest observatories in more detail, we 
constructed a comparison table (Table 1) listing changes of refractive index fluctuations in 
height in January and July. Blue colour marks minimum among observatories at this level; 
red colour, maximum ones. 
Table 1: Changes of refractive index fluctuations in height in January and July
One can see that varies depending on the level, and the selected observatories do not have  
extreme values at all levels. However, in spite of this, there are observatories with largest and 
smallest among them. The former in January are NLST (Indian Astronomical Observatory),  
La  palma  and  at  700  hPa  the  maximum σN was  recorded  by  the  Large  Vacuum  Solar 
Telescope; in July – RIDGE A, Siding Spring, NLST (Indian Astronomical Observatory) at 
200 hPa. Minimum σN  can be observed in January at ESO (VLT) Cerro Paranal, RIDGE A 
and at 1000 hPa at Mauna Kea; in July – at Yunnan Astronomical Obs., at low and upper  
level at Mauna Kea. As already noted, the distribution is inhomogeneous in height. 
To  understand  the  vertical  structure σN,  we  constructed  vertical  profiles  of  these 
characteristics. 
Figure 6:  Vertical profiles σN
The values were averaged within the northern and southern hemispheres for January and July. 
By and large, refractive index fluctuations decay with increasing height that depends on the 
distance from the underlying surface, their source.  But in the layer between 9 and 12 km, 
increases slightly. This is associated with the increased turbulent energy of the air layer under  
the tropopause. 
3. CONCLUSION
The application of the proposed technique of  numerical  zoning enables  us to analyze  the 
large-scale pattern of optical instability across the Earth as well as to determine new sites with 
the  lowest  values  of  refractive  index  fluctuations.  Besides,  the  technique  offers 
complementary possibilities of planning a great number of events far beyond astronomer's  
field of interest. 
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